were treated with acetabular shell augmentation arthroplasty for recurrent idiopathic dislocation of their total hip arthroplasty. Apparent causes for dislocation such as deep infection, component malposition, or polyethylene wear were excluded. Follow-up averaged 74 months (range, 12-178 months), and clinically, 30 hips (60%) did not present a subsequent dislocation at most recent follow-up. In five hips (10%), deep infection after the augmentation procedure necessitated removal of the entire prosthesis. In our opinion, this technique cannot be recommended as it has an unacceptable failure and high infection rate.
Introduction
Recurrent dislocation after total hip replacement is a disaster for patient and surgeon alike. Depending on the cause of the problem, several treatment options have been described in the literature. Conservative treatment with an above-knee spica brace or hip cast-brace has been reported to be successful in selected cases. Stewart described a 73% success rate of treatment with a hip cast-brace for hip prosthesis instability [14] . In cases of malposition of prosthetic components, revision arthroplasty is another well-accepted treatment. For patients with no apparent malpositioning, an acetabular augmentation ring can be a less invasive alternative treatment modality. This procedure, first described by Olerud and Karlström [12] , is a relatively simple method attempting to prevent further dislocations, compared to acetabular shell and femoral stem revision. The aim of this retrospective study is to evaluate the results of the procedure.
Materials and methods
Between June 1988 and March 2002, 47 patients (50 hips) were treated with an acetabular shell augmentation ring for recurrent idiopathic dislocation of their total hip prosthesis at our hospital. All obvious causes for recurrent dislocation such as polyethylene wear, infection or component malposition were excluded. Shell orientation was estimated using the technique described by Widmer [16] . A normal inclination was defined between 30°and 50°, and anteversion between 5°and 25° [9] . End points for this study were reluxation or revision surgery. All patients' radiographs and charts were reviewed. Augmentation was performed using the Waldemar Link antiluxation ring (Fig. 1) . The appropriate-sized ring was fixed to the shell with malleolar screws in the position offering the most stability, depending on the anticipated direction of dislocation.
Statistical analysis
Survivorship free of subsequent dislocation was estimated with a Kaplan-Meier analysis. Comparison of continuous variables was done with the Mann-Whitney U test or, for categorical variables, with Chi-square testing.
Results
Augmentation of the acetabular component was performed in 50 hips on 47 patients (12 males and 35 females). The average age was 75 years (range, 58-94 years) at the time of augmentation. Average follow-up was 74 months (range, 12-178 months). There were 27 right and 23 left hips treated after an average of 2.5 dislocations (range, 2-5). In 47 hips the surgical approach for the primary hip operation as well as the augmentation were posterolateral, and in the remaining three a lateral approach was used. Augmentation was performed an average of 27 months (range, 6-170 months) after the index operation.
Thirty hips (60%) did not experience further dislocations after an average follow-up of 74 months after the ring augmentation procedure. Fifteen hips (30%) experienced subsequent dislocations after an average follow-up of 60 months (range, 2-126 months). Five hips (10%) developed a deep infection after an average follow-up of 16 months (range, 1-34 months), requiring removal of the hip prosthesis.
Radiologically, all hips that presented further dislocations showed broken screws of the augmentation ring (Fig. 2) . Three hips showed broken screws on radiographs 1-5 years before they dislocated. In 44 of 50 hips the inclination and anteversion could be estimated. Inclination ranged from 30°t o 69°with an average of 48°, and anteversion ranged from 5°to 47°with an average of 17°. Two out of 15 hips from the dislocation group were considered to be out of the safety zone regarding anteversion, as described by Lewinnek [9] , and two out of 29 in the nondislocation group (P = 0.42). Inclination was out of the safety zone in two out of 15 of the dislocation group and four out of 29 in the nondislocation group (P = 0.64). All 15 patients with further dislocations underwent subsequent surgery ( Table 1) . Two of these patients developed a deep infection, which makes the total infection rate in our study 14% (7 patients). Figure 3 shows survivorship free of subsequent dislocations during follow-up. The survival rate after 5 years was 83% (95% confidence interval 77-89%) and after 10 years 44% (95% confidence interval 30-49%). No significant relationship could be established with respect to sex, side operated on, age, interval from primary hip arthroplasty to augmentation, number of dislocations, or surgical approach and redislocation.
Discussion
Our study reveals a high failure rate of 40% after acetabular augmentation for recurrent dislocation of total hip arthroplasties. Several studies have reported varying results of this procedure [2, [10] [11] [12] . To our knowledge, our study is the largest reported in the literature (Table 2) . Acetabular cup augmentation arthroplasty was first described by Olerud and Karlström [12] , who used a segment cut from another polyethylene cup. They treated six patients successfully. The problem with these studies is the small number of patients and short follow-up, so they are difficult to compare with our results. We saw promising results in the first few years after augmentation, with an 83% success rate after 5 years, but the number of patients that redislocated continued to rise steadily over the years, dropping to a 43% survival rate after 10 years (Fig. 1) .
Although Olerud and Karlström [12] argued that the augmentation ring would be subjected to minimal stress, Watson et al. [15] saw screw breakage caused by metal [12] fatigue causing brittle fracture, suggesting movement of the device relative to the acetabular shell. Habitual dislocation of a hip prosthesis is considered to be due mainly to cup malpositioning or to secondary polyethylene wear. Nevertheless, most of the acetabular components appeared to be within the safety zone of Lewinnek [9] . The six patients who were estimated to be outside the safety zone of acetabular orientation were equally distributed over the success and failure groups, so cup malposition did not appear to be a relevant factor in this study. In our group, seven patients (14%) ultimately lost their prosthesis due to infection after multiple revision procedures (augmentation and reaugmentation). This underscores the fact that habitual dislocation of a total hip prosthesis necessitating revision surgery is a very serious condition that can lead to significant morbidity. Strategies in treating habitual dislocation of a hip prosthesis include bracing [3] , hip spica treatment [17] , revision of one or both components, and acetabular augmentation. We feel that, in cases in which the alignment of the prosthesis components seems to be adequate [5] and there is no polyethylene wear, as on plain radiographs, acetabular augmentation arthroplasty could be considered. It must be realised that results deteriorate rapidly with time; therefore, it is appropriate to reserve the procedure for biologically older and less active patients. The main advantage of the acetabular augmentation technique is that it is a less demanding procedure compared to revision arthroplasty.
However, the increased surface contact and possible friction between the acetabular shell and the augmentation ring may cause more polyethylene wear. The fact that the reconstruction becomes more constrained could also eventually lead to more rapid mechanical loosening of the shell in the bony acetabulum. Although this was also recognised by Watson [15] , our data do not support this hypothesis.
In conclusion, acetabular ring augmentation is an option for habitual dislocation of a hip arthroplasty in the absence of gross malalignment or polyethylene wear in elderly and less active patients. It is a less demanding procedure than revision arthroplasty but with poor long-term results. For this reason it should be reserved for patients in whom major surgery is contraindicated. With newer acetabular revision possibilities the role of this technique is very limited.
